19F NMR investigation of molecular motion and packing in sonicated phospholipid vesicles.
Dimyristoylphosphatidylcholine (DMPC) labeled with a C19F2 group in the 4-, 8-, or 12-position of the 2-acyl chain has been investigated in sonicated unilamellar vesicles (SUV) by fluorine-19 nuclear magnetic resonance (NMR) at 282.4 MHz from 26 to 42 degrees C. The 19F NMR spectra exhibit two overlapping resonances with different line widths. Spin-lattice relaxation time measurements have been performed in both the laboratory frame (T1) and the rotating frame (T1 rho) in order to investigate the packing and dynamics of phospholipids in lipid bilayers. Quantitative line-shape and relaxation analyses are possible by using the experimental chemical shift anisotropy (delta nu CSA) and the internuclear F-F vector order parameter (SFF) values obtained from the 19F powder spectra of multilamellar liposomes. The following conclusions can be made: The 19F chemical shift difference between the inside and outside leaflets of SUV can be used to monitor the lateral packing of the phospholipid in the two SUV monolayers. The hydrocarbon chains in the outer layer are found to be more tightly packed than those of the inner one, and the differences between them become smaller near the chain terminals. The effective correlation time [(1-4) x 10(-7) s] obtained from either the motional narrowing of the line widths or off-resonance T1 rho measurements is shorter than that estimated from the Stokes-Einstein diffusion model (10(-6) s), on the basis of a hydrodynamic radius of 110 A for SUV.(ABSTRACT TRUNCATED AT 250 WORDS)